Freezing of erythrocyte-derived nanoparticles can provide a method to extend their storage life and enable rapid deployment for clinical applications. We found that key physical properties of the particles remained unaffected after one freeze-thaw cycle.
Introduction
Near-infrared (NIR) optical imaging using exogenous fluorescent molecules or nano-sized probes can provide high contrast and spatial resolution for detection of small tumor nodules and vascular defects. Indocyanine green (ICG) is a NIR chromophore with a long history of use in humans for clinical applications ranging from assessment of cardiac [1] and hepatic functions [2] to ophthalmic angiography [3] .
The half-life of ICG in vascular circulation is short (≈ 3-5 minutes) due to its non-specific binding to serum proteins, such as albumin, and its subsequent clearance by hepatocytes [4] . Therefore, it is important to prevent the non-specific interaction of ICG with serum proteins to prolong its circulation in the vasculature. One strategy for overcoming this limitation is to encapsulate ICG into nanoparticles. We recently reported encapsulation of ICG into nanoconstructs derived from erythrocytes [5] . We refer to these nanoconstructs as NIR erythrocyte-mimicking transducers (NETs), due to their ability to transduce NIR light into other forms of energy, such as fluorescence, heat, and generation of reactive oxygen species. Erythrocyte-derived nanoconstructs present a promising platform for the in vivo delivery of ICG, since the presence of immunomodulatory surface proteins prolong the circulation of ICG [6, 7] . We can also functionalize the surface of NETs with antibodies to target them to specific cell surface receptors [8] .
A key issue related to clinical translation of NETs is the effect of long-term storage. In particular, we are interested in preserving NETs by freezing them in order to minimize their degradation over time. Additionally, the ability to thaw pre-fabricated NETs from frozen storage could enable their rapid, intraoperative deployment in a clinical setting. It is known that erythrocyte ghosts are more cryo-resistant than native erythrocytes [9] , and can be stored at -20 °C for up to 6 months without degradation of their phospholipid membranes [10] . However, the effects of freezing on some of the physical properties of ICG-loaded NETs are not known. Therefore, we investigated how a freeze-thaw cycle may affect NETs. Here, we report preliminary results describing the effects of a single freezethaw cycling of NETs at -20 °C on the optical absorption, fluorescence emission, zeta potential, and hydrodynamic diameter of NETs.
Materials and Methods
Erythrocyte ghosts (EGs) were derived from whole bovine calf blood (Rockland Immunochemicals, Inc.) by incubating isolated red blood cells in hypotonic solutions of phosphate-buffered saline (PBS). The resulting pellet of EGs was resuspended in 1X PBS to reseal the membranes.
The resulting micron-sized EGs were serially extruded through polycarbonate membranes with 400 nm, 200 nm, and 100 nm diameter pores (Whatman, GE Healthcare) to obtain nano-sized EGs. The hydrodynamic diameters of EGs were measured using dynamic light scattering (DLS, Zetasizer Nano ZS, Malvern Instruments Ltd.) to validate the extrusion process.
EGs were loaded with ICG under hypotonic conditions [5] . The concentration of ICG used during loading was 215 μM. After the loading step, the excess ICG was removed from the solution by ultracentrifugation for one hour at 30,000 rpm in a Type 90ti rotor (Beckman Coulter, Inc.) and the supernatant was discarded. The resulting ICGdoped EGs (NETs) were washed twice using 1X PBS.
NETs were frozen for ~12 hours at -20 °C, and then thawed at room temperature in the dark. Upon thawing, the optical absorption, fluorescence emission, hydrodynamic diameter, and zeta potential of the frozen-thawed and nonfrozen NETs were systematically characterized.
Results and discussion
Representative absorption and fluorescence emission spectra of frozen-thawed and non-frozen NETs are shown in Fig. 1 . There were no noticeable differences in the absorption spectra after one cycle of freezing and thawing (Fig.  1A) . Both frozen-thawed and non-frozen NETs showed nearly identical UV and NIR absorption suggesting that neither the membrane of NETs nor ICG were degraded as a result of freezing and thawing. Since the NIR absorption spectra of frozen-thawed and non-frozen NETs were the same, we can conclude that the conformational states of ICG were preserved after one freeze-thaw cycle, and that ICG did not escape from the NETs during thawing. The fluorescence emission of NETs also did not change after one freeze-thaw cycle (Fig. 1B) , which suggests that ICG was still able to fluoresce after one freeze-thaw cycle. The peak hydrodynamic diameter of NETs was determined to be approximately 120 nm by DLS. The z-average (the intensity-weighted mean) diameters of frozen-thawed and non-frozen NETs were 226 ± 2.3 nm and 229 ± 1.8 nm, respectively. The respective polydispersity indexes of frozen-thawed and non-frozen NETs were 0.208 ± 0.013 and 0.184 ± 0.019. These results suggest that the NETs did not disintegrate upon one cycle of freezing and thawing.
Additionally, the zeta potential for frozen-thawed NETs (-12.5 ± 0.503 mV), and non-frozen NETs (-13.0 ± 1.75 mV) were nearly the same, and in close agreement with the values for erythrocyte ghosts [11] and native
